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ATP measurement as method to monitor the quality of
reprocessing flexible endoscopes
ATP-Bestimmung als Methode zur Qualitätskontrolle der
Endoskopaufbereitung
Abstract
Insufficient performance of cleaning and disinfection of flexible endo-
scopes can pose an infection risk to patients. Actually quality of repro-
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cessingischeckedbyperformingmicrobiologicalcultures.Unfortunately,
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their results are not available on the same day so that more rapid
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1 methodsaredesirable.WecomparedtheATP(adenosinetriphosphate)
bioluminescence for hygiene checking of the reprocessing procedures Andreas Brauksiepe
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of108flexibleendoscopeswithroutinemicrobiologicalculturetechnics.
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Sensitivity and specifity of ATP bioluminescence was calculated. 28
endoscopesshowedbacterialgrowthofatleastonesample.Depending
ontheappliedthresholdofbioluminescencebetween67and28endo- 1 Krankenhaushygiene,
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scopes were positive. Sensitivity varied between 0.46 and 0.75 and
specifitybetween0.43and0.81.ATPbioluminescencedoesnotreplace
routinemicrobiologicmethodsbutitcanindicatetheneedofimmediate
check of reprocessing.
Zusammenfassung
Von unzureichender Reinigung und Desinfektion flexibler Endoskope
können Infektionsrisiken für Patienten ausgehen. Die Endoskopaufbe-
reitungwirdderzeitdurchmikrobiologischeUntersuchungenkontrolliert.
Der Nachteil ist, dass die Ergebnisse oft erst nach Tagen vorliegen, so
dass ein Schnelltest wünschenswert wäre. Wir verglichen die ATP(Ade-
nosintriphosphat)-Biolumineszenz-Bestimmung zur hygienischen Kon-
trollederEndoskopaufbereitungmitkonventionellenmikrobiologischen
Kulturenbei108flexiblenEndoskopenundbestimmtendieSensitivität
und Spezifität der ATP-Biolumineszenz. 28 Endoskope zeigten mindes-
tens in einer mikrobiologischen Kultur Bakterienwachstum. Abhängig
vomzugrundegelegtenGrenzwertderBiolumineszenzwarenzwischen
67 und 28 der Endoskope bei der ATP-Bestimmung positiv. Die Sensiti-
vität der ATP-Bestimmung lag zwischen 0,46 und 0,75, die Spezifität
zwischen 0,43 und 0,81. Die ATP-Bestimmung ersetzt nicht die regel-
mäßigen mikrobiologischen Untersuchungen, sie kann jedoch die Not-
wendigkeiteinersofortigenÜberprüfungderAufbereitungsmodalitäten
anzeigen.
Introduction
Infections by endoscopes have been described as a
consequenceofinsufficientcleaninganddisinfection[1],
[2]. Reports regard duodenoscopes [3], coloscopes [4],
and bronchoscopes [5], [6] and concern exists regarding
thepossibletransmissionofinfectiveagentslikehepatitis
B-/C- virus, HIV, Mycobacterium tuberculosis and Helico-
bacter pylori [7]. An investigation in southern Germany
has shown that 50% of endoscopes were still contamin-
ated by bacteria after reprocessing [8]. American [9],
[10], [11] and European [7], [12], [13], [14], [15] recom-
mendations for the reprocessing of endoscopes have
been published. Whereas in Germany and various other
countries control of cleaning and disinfection by microbi-
ologicalmethodsisrecommendedtheuseofmicrobiolo-
gicalculturestoroutinelycheckthereprocessingprocess
isdiscussedcontroverselyinUSA[7],[16].Unfortunately,
therearemanydisadvantagesofmicrobiologicalcultures:
Gettingresultslastsfordays,sotheendoscopesareused
with other patients. Additionally, viruses, Helicobacter
and M. tuberculosis are not at all included and slowly
growing organisms only if the time of incubation is long
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cessing of endoscopes is needed.
ATP (adenosine triphosphate) measurement is used as
indicatorofcleaningcontrol[17],[18]infoodandkitchen
hygiene.ATPisaswellanindicatoroforganicasofmicro-
biologicalcontamination.Itisasimplemethodmeasuring
the amount of light which is emitted when the enzyme
luciferase comes into contact with molecular ATP and
which is directly proportional to the amount of ATP [19].
ATP measurement may be a suitable method to control
the quality of endoscope reprocessing as it is measuring
cleaning effectiveness which may indicate the reduction
of infection risk.
We did an investigation to compare the ATP biolumines-
cence for hygiene checking of reprocessing with routine
microbiological cultures.
Methods
BetweenJanuaryandDecember2003weexamined108
endoscopes(40gastroscopes,18coloscopes,8duoden-
oscopes and 42 bronchoscopes) after reprocessing.
Sterile swabs were moistened with sterile 0.9% NaCl. We
took swabs of distal end and rinsing valve and rinsed the
operating channel with 20 ml sterile 0.9% NaCl. We did
not use neutralizers. Swabs and 0.5 ml of rinsing fluid
were inoculated on blood agar, MacConkey agar and Sa-
bouraud agar and incubated for 48 hours at 37° C and
7 days at 22° C respectively. Bacterial species identific-
ation followed routine microbial laboratory proceedings
(API biomerieux). Every bacterial growth was considered
microbiological positive regardless of species or number
of cfu (colony forming unit). ATP and AMP (adenosine
monophosphate)bioluminescencewasdeterminedusing
Lumitester PD 10 (Scil Diagnostics). The assay was car-
ried out according to the manufacturer´s instructions
immediately after swabbing. Reagent blanks were ob-
tained using sterile swabs moistened with sterile 0.9%
NaCl, instrument disinfectant and endoscope cleaner
used for endoscope reprocessing. Bioluminescence
readings were expressed as relative light units (RLU).
Thresholds for bioluminescence were chosen between
30 and 100 RLU according to manufacturer's personal
recommendation and after determining RLU of disinfect-
ant and cleaner below 10 RLU. Sensitivity and specifity
of ATP bioluminescence compared with microbiological
culture as a gold standard were calculated for all types
ofexaminedendoscopestogetheranddisplayedinaROC
curve for various threshold values. The area under the
ROC curve, which is usually chosen as the summary
measure of diagnostic accuracy, was also computed.
Results
Results of microbiological culture and ATP biolumines-
cence are shown in Table 1. Microbiological cultures of
28 endoscopes (26%) showed bacterial growth. 13% of
checked duodenoscopes, 28% of coloscopes, 23% of
gastroscopesand31%ofbronchoscopeswerebacterially
contaminated. The detected organisms were Pseudomo-
nasaeruginosa,othernonfermentinggramnegativerods,
Enterobacteriaceae, Staphylococcus aureus, koagulase
negativeStaphylococci,Corynebacteriae,Bacilli,Candida
andmoulds.Dependentonthechosenthresholdbetween
28 (26%) and 67 (62%) endoscopes were positive for
ATP bioluminescence. ATP bioluminescence of 75% of
duodenoscopes,67%ofcoloscopes,63%ofgastroscopes
and 57% of bronchoscopes was above a threshold of 30
RLU. There were still 25% of duodenoscopes, 50% of co-
loscopes, 30% of gastroscopes and 24% of broncho-
scopes above a threshold of 100 RLU. ATP biolumines-
cenceof5bronchoscopesand2gastroscopeswasbelow
30 RLU despite being microbiologically contaminated.
Choosing 30 RLU as threshold 21 endoscopes (8 bron-
choscopes,7gastroscopes,5coloscopesand1duoden-
oscope) were positive for ATP bioluminescence and mi-
crobiological culture and 34 endoscopes (13 broncho-
scopes, 13 gastroscopes, 6 coloscopes and 2 duodeno-
scopes) were negative. 46 endoscopes (16 broncho-
scopes, 18 gastroscopes, 7 coloscopes and 5 duodeno-
scopes) had an ATP bioluminescence above 30 RLU
despitenegativemicrobiologicalresult.Aboveathreshold
of 100 RLU 65 endoscopes (24 bronchoscopes, 23
gastroscopes,12coloscopesand6duodenoscopes)had
concordant negative and 13 endoscopes (5 broncho-
scopes, 4 gastroscopes, 3 coloscopes and 1 duodeno-
scope) concordant positive results. Microbiological cul-
tures of 15 endoscopes (5 bronchoscopes, 8 gastro-
scopes,1coloscopeand1duodenoscope)werenegative
despite ATP bioluminescence above 100 RLU. The ROC
curve of sensitivity and specifity for thresholds between
30and100RLUispresentedinFigure1.Theareaunder
the ROC curve is 0.63. Compared with microbiological
cultureasagoldstandardsensitivityofbioluminescence
varied between 0.75 for a threshold of 30 RLU (95%
confidence interval 0.55-0.89) and 0.46 for 100 RLU
(95% confidence interval 0.28-0.66) and specifity
between 0.43 (95% confidence interval 0.32-0.54) and
0.81 (95% confidence interval 0.71-0.89) respectively
(Table 2).
Discussion
In our study, 26% of tested endoscopes showed microbi-
ological contamination. The number of contaminated
endoscopesinourinvestigationisinaccordancewiththe
results of Moses and Lee [20], who found between 12%
and 24% positive cultures during a 10-year study period.
It is much lower than that of the HYGEA study [8]. Moses
and Lee examined only endoscopes used in a clinical in-
stitution and reprocessed in an automated washer
whereasinhalfofendoscopyfacilitiesoftheHYGEAstudy
endoscopes were reprocessed manually. In our study 92
endoscopes (85%) were reprocessed in an automated
washer.
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Table 2: Sensitivity and specifity of bioluminescence as compared with microbiological culture and 95% confidence interval
Figure 1: ROC curve of bioluminescence compared with microbiological culture as gold standard for thresholds between 30
and 100 RLU
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26%ofthetestedendoscopeshadapositivebiolumines-
cence result indicating possible organic contamination.
In order to calculate sensitivity and specifity of ATP biolu-
minescence there must be another method which truly
indicatescontaminationofreprocessedendoscopes.The
only established method for checking endoscope repro-
cessingismicrobiologicalculture.Microbiologicalculture
mayfailinindicatingallcontaminatedendoscopes.There
may be non viable organismsor organismswhich cannot
be cultured on conventional culture medium and other
than bacterial contaminations are possible. Because of
the absence of other methods for checking endoscopes
we calculated sensitivity and specifity of ATP biolumines-
cence compared to microbiological culture as gold
standard. Sensitivity and specifity of bioluminescence
differ dependent on the chosen threshold. In our study
sensitivitywasonly0.75evenwhenthechosenthreshold
of RLU was low. The ROC curve of ATP bioluminescence
presented in Figure 1 with an area under the curve of
0.63 indicates that there is no strong concordance
between ATP bioluminescence and microbiological cul-
ture. Our results are similar to those found by Murphy et
al. [18] for testing food contact surfaces. Murphy et al.
suspected that conventional microbiology is more sensi-
tivethanATPbioluminescencewhentotalATPislow[18].
Bacterial ATP content may be below the limit of ATP bio-
luminescence. Different bacterial specimen can contain
different amounts of ATP and the amount of ATP also
depends on the metabolism of the organisms [19]. ATP
bioluminescence may also be influenced by the number
ofviablebacteriapresent.Wedidnotdifferbetweenkind
of specimen and number of cfu cultured. The number of
cfu found on most swabs was very low and this may ex-
plainthelowsensitivityofATPbioluminescencecompared
to routine microbiology in our study. Additionally the low
specifity of ATP bioluminescence may be explained by
thefact,thatnotonlyviablebacteriabutalsootherorgan-
ic contamination is detected. Similar to our study Poulis
etal.[21]couldnotfindaclearrelationshipbetweenATP
bioluminescence measurements and number of cfu on
surface plates under practical conditions on surfaces in
a factory. Alfa et al. [22] reported that the presence of
highresidualsoil(protein,carbohydrate,hemoglobinand
endotoxin)didnotcorrelatewithmicrobiologicalcontam-
ination of reprocessed endoscopes. Thus measurable
ATP bioluminescence may indicate contamination of en-
doscopeswithoutpresenceofcultivablemicroorganisms.
Reprocessedendoscopesshouldbeclean.Acleanendo-
scope should not only show a less amount of viable or-
ganisms but also a less amount of all organic contamin-
ation and ATP sources. The presence of any ATP source
mayindicateaninfectiousriskforconsecutivelyexamined
patients and should be avoided irrespective of cultivable
bacteria.
We conclude that ATP bioluminescencedoes not replace
routine microbiologic methods but it should be applied
additionallytocheckendoscopereprocessing.Incontrast
tomicrobiologicmethodsresultsofATPbioluminescence
are available at once and can indicate the need for
checking the reprocessing practice immediately.
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